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Bending Syst e m w i th Mu l t i leve l B e nd i ng Too l , as w ell as 
C l amp i ng Jaw and S li d e Rail Support Un i ts for such 
B e nding Sy s tom T his invention relates to a bending system on a bending machine for bending 

rod- shaped and/or bar-shaped workpieces and especially pipes, and employing at least one 

multilevel bending tool that features several bending levels situated one above the other in the 

direction of a bending axis. The system includes for each bending level a bending die and, 
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associated with the respective bending die, at least one clamping jaw that can be moved in the 
transverse direction of the bending axis between at least one operating 
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-2-position next to the bending die and at least one 
idle position at a distance from the bending die, with the clamping jaw or jaws on the side 
facing away from the bending die or dies effectively braced in the transverse direction of the 
bending axis by a clamping jaw support unit that is movable in the transverse direction of the 
bending axis. In addition, a bending die and at least one slide rail are provided for each 
bending level for bracing the workpiece in the transverse direction of the workpiece, sai4- 
stid eand the side rail or rails bem§ar£ effectively mounted on a slide rail support in the 
transverse direction of the workpiece on the side facing away from the workpiece. The 
invention also relates to clamping jaw support units as well as slide rail support units for 
bending systems of the type referred to above. 

Bending systems in this ggnscaLcategory have been described in D gGerman Patent 33 
27 509 C2. In the prior- art multilevel bending tools the clamping jaws are mounted, on the 
side facing away from their respectively associated bending dies, on a single- unit buttress 
block in the transverse direction of the bending axis of the multilevel bending tool. 
Accordingly, the slide rails in the prior- art multilevel bending tools are supported in the 
transverse direction of the workpiece. Each buttress block extends across all bending levels of 
the multilevel bending tool concerned. 

It is the objective of this invention to add flexibility to the design of such earlier 
bending systems. 
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SUMMARY OF THE INVENTION 

It has now been found that the foregoing and related objects mav be readily attained in a 

bending system in a bending machine for bending rod shaped and bar-shaped workpieces 
incorporating at least one multilevel bending tool with multiple bending levels arranged one 
above the other in the direction of a bending axis. The bending tool has at each bending level 
a bending die and, associated with a corresponding bending die, at least one clamping iaw 
movable in the transverse direction of the bending axis into at least one operating position next 
to the bending die and into at least one idle position awav from the bending die. The clamping 
iaw is effectively mounted on the side facing awav from the bending die on a clamping iaw 
support that can be moved in the transverse direction of the bending axis. The clamping iaw 
su pport encompasses several clamping iaw support units positioned one above the other in the 
direction of the bending axis and detachablv connected to one another, and the clamping iaw 
support units are distributed over different bending levels. 

Desirably, at least one clamping iaw is provided at each of the different bending levels 
and clamping iaw support units are distributed over the different hending levels associated with 
the damning iaws. The bending tool has at each bending level a bending die and at least one 
slide rail for bracing the workpiece in the transverse direction of the workpiece and in which, 
on the side facing awav from the workpiece in the transverse direction of the workpiece. the 
slide rail is effectively mounted on a slide rail support which encompasses several slide rail 
support units positioned one above the other in the direction of the hending axis. The slide rail 
support units are associativelv distributed over different hending levels and detachablv 
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connected to one another. At least one slide rail is provide d for each of the different bending 
levels and the respective slide rail sunnort units associated with the slide rails are 
correspondingly distributed over the different bending levels 

At each bending level, a damning iaw is associated with the corresponding bending die 
and is movable in the transverse direction of the bending axis into at least one operating 
position next to the bending die. On the side facing awav from the bending dies the clamping 
iaw is effectively mounted in the transverse direction of the bending axis on a clamping iaw 
support unit that is movable with the clamping jawfsl in the transverse direction of the bending 
axis. The clamping iaw support encompasses several clamping iaw support units that are 
positioned one above the other in the direction of the bending axis and detachahlv connected to 
one another, and the respectively associated clamping jaw support units are correspondingly 
distributed over the different bending levels. 

Preferably, at least one clamping iaw support unit and at least one slide rail support unit 
are identical in their structural design. At least one clamping iaw of at least one bending level 
is adiustahlv mounted on the associated clamping jaw support unit or units in a manner to 
permit being repositioned especially in the transverse direction of the bending axis. At least 
one slide rail at at least one bending level is adjustahlv mounted on the a ssociated slide rail 
su pport units for repositioning the workpiece. 

The damning iaw support units and the slide rail support units are categorized hv their 
respective designs or bv their linear dimension in the transverse direction of the bending axis. 
and the slide rail sunnort units are categorized bv their linear dimension in the transverse 
direction of the workpiece. 

.5 
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Accord i ng to th i s i nv e ntion, the object i v e i s ach i ovod with th e bend i ng syst e m sp e c i fi e d i n 
pat e nt c l a i m 1 as wo ll as w i th th e b e nd i ng system por c l aim 3. Specif i ca ll y, tho The present 
invention provides for a modular design of the clamping jaw support and the slide rail support 
of the multilevel bending tool. By virtue of this novel modular design*, the clamping jaw 
susooftsupports or the slide rail susoortsu pports can be configured bending level by bending 
level, thus allowing the clamping jaw support or the slide rail support to be completely 
configured in adaptationt ajdapl to the specific processing requirements. In particular, it is 
possible to define the "interference contour " created by the clamping jaw support or slide rail 
support on a case- by- case basis. A suitable setup of clamping jaw or slide rail support units 
permits the creation of a geometric layout of clamping jaw supports or slide rail supports that 
eliminates process- disrupting collisions between the workpiece being processed and the 
clamping jaw support or slide rail support. It is equally possible for instance to adapt the 
configuration of the clamping jaw support or slide rail support to specific load or bending- 
force requirements. For example, if high support strength is needed, an appropriate load- 
bearing configuration of clamping jaw or slide rail support units can be selected. 
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Sp e cial d e s i gn variations of th e b e nd i ng s yst e ms p e r pat e nt cl ai ms 1 and 3 ar e d e scrib e d i n 
subclaims 2 and A through 12. 

In the context of this invention* a modular design concept for the clamping jaw support 
or slide rail support wou l d l end knds itself well mtQ cases where not all bending levels of the 
multilevel bending tool are equipped with at least one clamping jaw or at least one slide rail, 
thus requiring the clamping jaws or slide rails to be realigned in the direction of the bending 
axis and to be set up at the bending level required for the particular process at hand. Th e 
i nv e nt i on i s part i cu l ar l y usefu l for b e nding syst e ms as d e scrib e d i n pat e nt c l aims 2 and 4, wh e r e 
for e ach of tho var i ous b e nd i ng le v el s at l e ast on e clamp i ng jaw or, as the cas e may b e , at l e ast 
on e s l id e rail i s prov i ded. According to the invention, it is equally possible to employ 
bending dies on all bending levels or only on some of them. 

Oth e r pr e ferr e d d e s i gn v e rs i on s of th e b e nd i ng syst e ms according to this inv e ntion exhibit th e 
character i stic f e atur e s d e scrib e d in c l aims 5 and/or 6 and are accordingly prov i d e d with a 
modular clamping jaw support as w el l as a modu l ar s li d e rai l support. 
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The novel bending system d e scrib e d in c l a i m 7 offers the ability to use on e and the 
same component as either a clamping jaw support unit or as a slide rail support unit and to 
interchange clamping jaw support units and slide rail support units. 

As specified i n pat o nt cla i ms 8 and 9, an ^ja enhanced implementation of the invention permits 
the use of clamping jaw and/or slide rail support units for the adjustment of clamping jaws 
especially relative to their respectively associated bending die, and of slide rails especially 
relative to the workpiece to be held in place. At the same time, the clamping jaw and slide rail 
support units permit the attachment and detachment of the clamping jaws and slide rails they 
support. The bending systems according to the invention thus make it possible to manipulate 
the clamping jaw support units with their associated clamping jaws andter slide rail support 
units with their associated slide rails as application- specific equipment components of the 
bending system and, whenever these components are not in use, to retain them at their last 
setting. 

As i nd i cat e d i n pat e nt c l aims 10 through 12, th o j hs clamping jaw support units and/ef the 
slide rail support units of the bending systems pefQf this invention can be categorized by their 
respective design and especially in terms of their dimension in the transverse direction of the 
workpiece (c l aim 1 1 ) and/ef their dimension in the direction of the bending 
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-6-axis (c l a i m 12) . Such categorization significantly 
facilitates the selection of clamping jaw and slide rail support units for the appropriate 
configuration of clamping jaw and slide rail supports. Clamping jaw and slide rail support 
units categorized and labeled by their design may be combined within one and the same 
category, but also from different categories. Categorization according to this invention permits 
the use of clamping jaw and slide rail support units in the manner of modular building blocks 
of a support unit construction kit (c l a i m 15) . 

Apart from b e nd i ng syst e ms as descr i b e d above, this i nv e ntion also r el at e s to c l amp i ng jaw 
support units with the characterist i c f e atur e s sp e cif ie d in c l aims 1, 2 and 5 through 12 (claim 
13), and to sl i de rai l support units with th e r e sp e ctiv e charact e r i st i c f e atur e s d e scr i b e d i n cla i ms 
3 through 12 (claim 11). 

RRTFF DFSCRTPTTON OF THE DRAWINGS 
The following e xamol e described embodiment will explain this invention in more detail 
with the aid of schematic illustrations in which—; 
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W§r4 Figure 1 is a perspective view of a bending system with a multilevel bending tool of a 
first design, aiicLprior to athe bending process; 

fior Figure 2 is a frontal top view of the bending system aej^fia rof Figure 1; 

EHfr Figure 3 is a perspective view of the bending system eej^tio ^f Figures 1 and 2 during the 

workpiece bending process; 

Figure 4 is a frontal top view of the bending system eef-tio rin Figure 3; 
Efe Figure 5 is a perspective view of a bending system with a multilevel bending tool of a 
second design, ancLprior to a the bending process; 

FiQr Figure 6 is a frontal top view of the bending system eef-Ra ^in Figure 5; 

fi€k Figure 7 is a perspective view of the bending system oef-fia rin Figures 5 and 6 during the 

workpiece bending process; 



IB 
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B€h-g - Figure 8 is a frontal top view of the bending system seE-fla ^in Figure 7; 
fior Figure 9 is a perspective i l l ustrat i on^ ^ of the bending system oef-ti€ kof Figures 5 and 6, 
with clamping jaws and slide rails of the multilevel bending tool repositioned relative to 
fi^their positions shown in Figures 5 and 6; and 

FiQ r Figure 10 is a frontal top view of the bending system oef-fekof Figure 9. 

DETAILED DFSCRIPTION OF THF ILLUSTRATED FMRODTMFNT 

As shown in fiO rFigures 1 to 4, bending system 1 encompasses a base structure 2 
and, mounted thereon, a multilevel bending tool 3. The bending system 1 is attached to the 
front end of the machine frame T £not shown!, of a bending machine. In conventional fashion a 
workpiece feed carriage or slide with ^collet chuck can be moved along the machine frame. 
The collet chuck holds the machine- side end of an obj e cta workpiece, in this case a pipe 4. 
Turning the collet chuck around the axis of the pipe and moving the workpiece feed carriage in 
the longitudinal direction of the pipe positions the pipe 4 for the bending process. 

The multilevel bending tool 3 employed for processing the pipe 4 by the uncoil- and- 
stretch bending method includes the bending dies 5, 6, 7 that are positioned one above the 
other at a total of three bending levels in the direction of a bending axis 8. The bending dies 5, 
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6, 7 are associated with clamping jaws 9, 10, 11 which on their part are positioned one above 
the other in the direction of the bending axis 8. Bending die channels 12, 13, 14 are positioned 
opposite clamping jaw channels 15, 16, 17. 

In traditional fashion, the bending die channels 12, 13, 14 and the clamping jaw 
channels 15, 16, 17 of the same bending level are geometrically matched. When the multilevel 
bending tool 3 is closed, the bending die channels 12, 13, 14 and the clamping jaw channels 
15, 16, 17 combine to form a workpiece holder with an essentially circular cross section. In 
the case of the example illustrated the bending die channels 12, 13, 14 and the clamping jaw 
channels 15, 16, 17 are so contoured at the different bending levels that they result in slightly 
different diameters of the workpiece holders. The design implementations illustrated thus 
permit the bending of pipes with three different diameters. 

Other tool components of the multilevel bending tool 3 include slide rails 18, 19, 20 
mutually juxtapositioned in the direction of the bending axis 8. The slide rail channels 21, 22, 
23 on the slide rails 18, 19, 20 are shaped in the same fashion as the clamping jaw channels 
15, 16, 17. 
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On their side facing away from the bending dies 5, 6, 7L, the clamping jaws 9, 10, 1 1 
are attached to a clamping jaw support in the form of a clamping block 24. Together with the 
clamping jaws 9, 10, 1 1 attached to it ± the clamping block 24 can travel in the direction of the 
double arrow 25, i.e.* in the transverse direction of the bending axis 8. This allows the 
clamping jaws 9, 10, 1 1 to be moved into an operating position next to the bending die or into 
an idle position at a distance from the bending die. The movement of the clamping jaws 9, 10, 
1 1 in the direction of the double arrow 25 takes place by means of a platen 26 that is guided in 
that direction of travel by a swivel arm 27 on the base 2. The necessary connection between 
the clamping jaws 9, 10, 1 1 and the platen 26 is established viabx the clamping block 24. 

The clamping block 24 is modular in design, compr i s i na comprised in the example 
shown oLclamping jaw support units 28, 29, 30 which* in the direction of the bending axis SjSL 
are positioned one above the other while on the clamping jaw side they are mutually tied 
together by means of a tie rod 31. The assembly of clamping jaw support units 28, 29, 30 
composod £Quglgfl with the aid of the tie rod 31 is attached to the platen 26 viab^ a mounting 
screw 32. The mounting screw 32 extends through the bottom-most clamping jaw support unit 
30 of the clamping block 24. The dimension of the clamping jaw support unit 30 in the 
transverse direction of the bending axis 8 is three times that of the corresponding dimension of 
the clamping jaw support units 28, 29. In the longitudinal direction of the pipe 4 and in their 
elevation in the 
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-44-direction of the bending axis 8 the clamping 
jaw support units 28, 29, 30 are of the same size. In terms of their design the clamping jaw 
support units 28, 29 are identical. The clamping jaw 9 is attached to the clamping jaw support 
unit 28 in removable fashion. The clamping jaw 10 and the clamping jaw 11 are similarly 
attached to the clamping jaw support units 29 and 30, respectively. 

The slide rail support units 33, 33a, 34, 34a, 35, 35a are identical in design to the 
clamping jaw support units 28, 29. The slide rail support units 33, 33a support the slide rail 18 
on its side facing away from the pipe 4. Matching the conditions o»for the clamping block 24, 
the slide rail 18 is detachably connected to the slide rail support units 33, 33a. 

Viewed in the direction of the bending axis 8, the slide rail support units 33, 33a sit on 
the slide rail support units 34, 34a which on their part support the slide rail 19. In the 
illustrations the slide rail support units 34, 34a are obscured and therefore n ot readily 
identifiable. 

The same applies to the slide rail support units 35, 35a that are positioned under the 
slide rail support units 34, 34a and to which the slide rail 20 is removably attached on one side 
and tangential angles 36, 36a on the other side. 
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The slide rail support units 33, 34, 35 are held together by a the tie rod 37, the slide rail 
support units 33a, 34a, 35a by a£he tie rod 38. The resulting assemblies of slide rail support 
units 33, 34, 35; 33a, 34a, 35a are attached to the tangential angles 36, 36a by means of the tie 
rods 37, 38. The tangential angles 36, 36a on their part are attached to the longitudinal 
carriage 39 of a compound cross slide 40. In the direction of a double arrow 41 and thus in the 
longitudinal direction of the pipe 4 to be processed, the longitudinal carriage 39 is movably 
guided on a transverse carriage 42 of the compound cross slide 40. The transverse carriage 42 
on its part can be moved in the transverse direction of the pipe 4 along a transverse guide 43 of 
the base 2 of the bending system 1. 

The slide rail support units 33, 33a, 34, 34a, 35, 35a jointly constitute a slide rail 
support 44, the slide rail support units 33, 33a are lined up with the topmos t level , the slide 
rail support units 34, 34a with the central Js^sL and the slide rail support units 35, 35a with 
the bottom-most bending level of the multilevel bending tool 3. 

As indicated in fa kFigures 1 to 4, the pipe 4 is processed using the bending tool 
components at the top level, i.e. A the bending die 5, the clamping jaw 9 and the slide rail 18. 
The bending process as such is performed in traditional fashion. 



11 
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Accordingly, with the multilevel bending tool 3 open, the first step is to align the pipe 4 
in its longitudinal pipe direction and in the direction of its circumference. Next, with a relative 
movement vis-a-vis the machine frame of the bending machine, the multilevel bending tool 3 is 
brought into a position in which the pipe 4 can be processed using the tool components of the 
topmost bending level, i.e. A in which the pipe 4 is accommodated in the bending die channel 12 
of the bending die 5. 

Thereupon the multilevel bending tool 3 is closed. To that effect the clamping block 24 
with the attached clamping jaws 9, 10, 11 travels in the transverse direction of the bending axis 
8 up to the bending dies 5, 6, 7. The pipe 4 is now clamped between the bending die 5 and the 
clamping jaw 9. At the same time the transverse carriage 42 is moved to transfer the slide rail 
support 44 with slide rails 18, 19, 20 in the transverse direction of the pipe 4 and into the 
operating position next to the workpiece. This causes the pipe 4 to be positioned inside the 
slide rail channel 21. Based on the now prevailing operating conditions, the swivel arm 27 of 
the base 2 with its attached clamping jaws 9, 10, 11 is rotated in the direction of a«Jh£ arrow 
45r4£ shown in fig, 1. Figure 1 around the bending axis 8. Concurrently the bending dies 5,6, 
7 rotate in corresponding fashion around the bending axis 8. Thatjhis pulls the pipe 4, 
clamped between the bending die 5 and the clamping jaw 9, around the bending die 5, 
providing it with a te ftleftward bend. 



IS 

PLC/30538/ 801/660520V1 iPW6699??vl 
03/4215/04-HRT/ 



The machine- side length of pipe next to the bent pipe section is supported in the 
transverse direction of the workpiece by slide rail 18. In traditional fashion the slide rail 18 
follows the longitudinal movement of the pipe 4 during the processing. This movement of the 
slide rail 18 is brought about by the corresponding longitudinal travel of the longitudinal 
carriage 39 on the transverse carriage 42. 

The forces acting on the slide rail 18 and on the clamping jaw 9 in the transverse 
direction of the of the pipe 4 are discharged into the base structure 2 of the bending system 1 
viabx the bottom slide rail support units 35, 35a of the slide rail support 44 and, respectively, 
viaby, the bottom clamping jaw support unit 30 of the clamping block 24. Because of the 
dimensions of the clamping jaw support unit 3©2£L a large area is available at the clamping 
block 24 for the energy transfer. 

Apart from single- mode processing, the bending system 1 is capable of workpiece 
multi-processing. Pic iFigures 3 and 4 illustrate that type of application. They show the pipe 4 
in the ready- state of the bending system 1 just before a te ftleftward bend is produced. This was 
preceded by the creation of three bends, ultimately leading to the shape of the pipe 4 at its free 
end as it exits the multilevel bending tool 3. In order to permit this next bend to be 
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-45-produced in the desired bending plane, the pipe 
4 had to be rotated, immediately after the last preceding bend, around its longitudinal axis and 
into the rotational position shown in fa ^Figures 3 and 4. This would not have been possible if 
the clamping block 24 and the slide rail support 44 had not been appropriately configured prior 
to the start of the workpiece bending process. By arranging the clamping jaw support units 28, 
29, 30 and the slide rail support units 33, 33a, 34, 34a, 35, 35a in the manner illustrated, the 
clamping block 24 and the slide rail support 44 were contoured in a manner that permitted the 
preshaped end of the pipe 4 to be realigned as shown in fif rFigures 3 and 4 while avoiding any 
collision with the clamping block 24 and the slide rail support 44. The "interference contour- 
created by the clamping block 24 and the slide rail support 44 was defined in a way that, in its 
variously necessary processing positions relative to the bending system 1, the pipe 2 4 [s i c — 
shou l d probab l y bo "p i p e 4 "]j, would at all times remain clear of that interference contour. 

Corresponding to fe hFigures 1 to 4, fe iFigures 5 to 8 depict a bending system 51. That 
bend i ng syst o m 51 ^htehjiiffers from the bending system 1 in fia- rFigures 1 to 4 by the 
configuration of aths multilevel bending tool 53. 
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The multilevel bending tool 53 comprises bending dies 55, 56, 57 which are of a 
smaller diameter than the bending dies 5, 6, 7 of the multilevel bending tool 3, thus permitting 
the production of bends with a smaller bending radius. As in the conc e pt p e r fio. embodiment of 
Figures 1 to 4, the bending dies 55, 56, 57 are paired up with clamping jaws 9, 10, 11. In the 
case of the bending system 51 as well, the slide rails 18, 19, 20 are the same as the 
corresponding tool components in fiO rFigure 1 to 4. 
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Similarly identical is the compos i t i on structure of the clamping block 24t21 which in the 
case of the bending system 51 again consists of clamping jaw support units 28, 29, 30. 
However, in the case of the bending system 51 as differentiated fro m the bending system 1, the 
clamping block 24 has been repositioned on the platen 26 so as to be located closer to the 
bending axis 8. This compensates for the smaller diameter of the bending dies 55, 56, 57 as 
compared to that of the bending dies 5, 6, 7. 

As another difference from the conditions ee^iO rin Figures 1 to 4, the bending system 
51 employs a modified slide rail support 94. Specifically, compared to the slide rail support 
units 33, 33a and 34, 34a, the slide rail support 94 additionally includes slide rail support units 
96, 96a. While the slide rail support units 33, 33a, 34, 34a are identical in their structural 
design not 
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-47-only to one another but also to the clamping 
jaw support units 28, 29 of the clamping block 24, the slide rail support units 96, 96a are ef- 
twice the length of the clamping jaw and slide rail support units 28, 29, 33, 33a, 34, 34a in 
the transverse direction of the object pipe 4, which is n ot shown in fiq ^Figures 5 and 6 for 
simplicity's sake. 

All of the clamping jaw support units 28, 29, 30 as well as the slide rail support units 
33, 33a, 34, 34a, 35, 35a, 96, 96a, illustrated in fe rFigures 1 to 8, are modular components of 
a support unit construction kit out of which the clamping block 24 as well as the slide rail 
supports 44, 94 are assembled in an application- specific configuration. This support unit 
construction kit contains design-categorized clamping jaw and slide rail support units. In terms 
of dimensions in the transverse direction of the bending axis 8 and, respectively, of the pipe 4 
to be processed, a total of three support unit categories are available. The category with the 
greatest linear dimension must be paired up with clamping jaw support unit 30, the 
dimensionally intermediate category must be associated with slide rail support units 96, 96a, 
the smallest category with clamping jaw support units 28, 29 as well as slide rail support units 
33, 33a, 34, 34a and 35, 35a. Given their identical design, the slide rail and clamping jaw 
support units are mutually interchangeable. In terms of elevational height in the direction of the 
bending axis 8, the support unit construction kit includes two 
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-4S-categories. As an alternative to the equal- 
height support units shown in ter Figure 1 to 8, support units of greater elevational height are 
additionally available. 

When setting up the bending system concerned, the machine operator thus has available 
to him a aamy tnumher of support units from which to make his selection depending on the 
requirements of the intended workpiece processing. The selected support units will have to be 
equipped with clamping jaws 9, 10, 11 as well as slide rails 18, 19, 20. In addition, it may be 
necessary in setting up the bending system 1, 51 to adjust the clamping jaws 9, 10, 11 in the 
transverse direction of the bending axis 8 and/oF the slide rails 18, 19, 20 in the transverse 
direction of the pipe 4 to be processed. Fter-ft rFigures 9 and 10 serve to illustrate the existing 
adjustment options. 

These illustrations allow the visualization of the adjustability of the clamping jaws 9, 
10, 11 and slide rails 18, 19, 20 relative to the clamping block 24 on which they are mounted 
and, respectively, to the slide rail support 94. In the example shown, the clamping jaws 9, 10, 
1 1 are attached to the clamping jaw support units 28, 29, 30, and the slide rails 18, 19, 20 to 
the slide rail support units 33, 33a, 34, 34a, 96, 96a, in each case by means of threaded 
setscrowsset screws that are provided on the clamping jaws 9, 10, 11 and slide rails 18, 
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-43-19, 20. As an alternative, it is possible to 
install separate adjusting devices between the clamping jaws 9, 10, 11 and slide rails 18, 19, 
20 and the associated clamping jaw and slide rail support units 28, 29, 30, 33, 33a, 34, 34a, 
96, 96a. As another option, the assemblies constituted of the bending- tool components and 
their respectively associated support units at the individual levels could be made adjustable 
relative to one another. 

The existing adjustment options can be used for fine adjustment at the individual 
bending levels but also for the job- specific repositioning of the clamping jaws 9, 10, 11 and 
slide rails 18, 19, 20 when the bending dies are exchanged for bending dies of a different 
diameter or bending radius. 
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CLAIMS 

Having thus described the invention, what is claimed is: 

4t B e nd i ng L. A hending system ef>in a bending machine for bending rod- 
shaped and/er- bar-shaped workpieces and e special l y p i pes M). i ncorporat i na incorporates at 
least one multilevel bending tool (3, 53) with multiple bending levels arranged one above the 
other in the direction of a bending axis (8), wh e re fo r said bending tool having at each bending 
level a bending die (5, 6, 7; 55, 56, 57) and, associated with theg corresponding bending die 
(5, 6, 7; 55, 56, 57), at least one clamping jaw (8, 9, 10) i s prov i d e d i n a mann e r as to b e 
movable in the transverse direction of the bending axis (8) into at least one operating position 
next to the bending die and into at least one idle position away from the bending die, said 
clamping jaw(s) (8, 9, 10) being effectively mounted on tts/tfiejheir side facing away from the 
bending die(s)-dj£s_I5, 6, 7; 55, 56, 57) on a clamping jaw support (24) that can be moved in 
the transverse direction of the bending axis (8), charact e r i z e d in that tho said clamping jaw 
support (24) e ncomp a ssocencompassing several clamping jaw support units (28, 29, 30) tba*- 
afenositioned one above the other in the direction of the hending axis (ft and derachahlv 
connected to one another, said clamping jaw support units (28. 29. 30^ being dist ributed over 
different bending levels 

2, The bending system in accordance with Claim 1 wherein at least one clamping 
iaw (8. 9. 10^ is provided at each of the different hending levels and clamping jaw support 
units (28. 29. 30^ are distributed over the different bending levels associated with the clamping 
jaws (8, 9, 10). 

PLC/30538/ 801/669520v1 101 5/66QQ09v1 
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i. A bending system on a bending machine for bending rod shaped and har-shaped 
workpieces incorporating at least one multilevel bending tool (3. 53) with multiple bending 
levels arranged one above the other in the direction of a bending axis (8). said bending tool 
having at each bending level a bending die (5. 6. 7: 55. 56. 57) and at least one slide rail (18. 
19. 20) for bracing the workpiece in the transverse direction of the workpiece and in which, on 
the side facing awav from the workpiece in the transverse direction of the workpiece. the slide 
rail (18, 19, 20) is effectively mounted on a slide rail support (44, 94) which encompasses 
several slide rail sunnort units (33. 33a. 34. 34a. 35. 35a. 96. 96a) positioned one above the 
other in the direction of the bending axis (8) and ar e d e tachab l y conn e ct e d to on e a noth e r, and 
that said c l amp i ng l aw, said slide rail support units C 28. 29. 30) aro33. 33a. 34. 34a. 35. 35a. 
96. 96a) being associatively distributed over different bending levels and detachably connected 
to one another. 
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The bending system in accordance with Claim 3 wherein at least nne slide rail 
(18. 19.20) is provided for each of the different bending levels and wherein the respective slide 
rail support units Qj 33a. 34. 34a. 35. 35a. 96. 96a) a ssociated with the slide rails (18 19 
20) are correspondingly distributed over the different hendinp levels 
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L The bending system in accordance with Claim 3 wherein at each hending level, a 
clamping iaw (8. 9. 101 is associated with the corresponding bending die (S. 6. 7: 55. 56. 571 
and is movable in the transverse direction of the hending axis (81 into at least one operating 
position next to the bending die and into at least one idle position awav from the bending die 
and wherein, on the side facing awav from the hending dies (5. 6. 7: 55. 56. 571 the clamping 
iaw (8. 9. 101 is effectively mounted in the transverse direction of the hending axis (81 on a 
clamping iaw support unit (241 that is movable with the clamping iaw(s1 (8. 9. 101 in the 
transverse direction of the hending axis (81. said clamping jaw support (241 encompassing 
several clamping iaw support units (28. 29. 301 that are positioned one ahove the other in the 
direction of the hending axis (81 and detachahlv connected to one another, the respectively 
associated damning iaw sunnort units (28. 29. 301 are correspondingly distributed over the 
different hending levels. 

2r B e nd i ng £l. The bending system a s i n c l a i m 1. charact e riz e d i n that for in 
accordance with Claim 5 wherein, at each of the different bonding l ovola hending levels, at 
least one clamping jaw (8, 9, 10) is provided and tha tthe respectively associated clamping jaw 
support units (28, 29, 30) are correspondingly distributed over the different bending levels-pe^ 
th ei r assoc i ation w i th th e clamp i ng jaws (8, 9, 1 0). A 
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L The bending system in accordance with Claim 5 wherein at least one clamping 
jaw support unit (28. 29, 30) and at least one slide rail support unit (33, 33a, 34, 34a, 35, 35a, 
96. 96a) are identical in their structural design. 

L The bending system in accordance with Claim 3 wherein at least one clamping 
iaw (8. 9. 10) of at least one bending level is adjustably mounted on the associated clamping 
iaw sunnort unit or units (28. 29. 30) in a manner as to permit being repositioned especially in 
the transverse direction of the bending axis (8). 

<L The bending system in accordance with Claim 3 wherein at least one slide rail 
(18. 19. 20) at at least one bending level is adiustablv mounted on the associated slide rail 
support units (33. 33a. 34. 34a. 35. 35a. 96. 96a) for repositioning the workpiece. 

3r B e nd i ng syst e m on a b e nd i ng mach i n e for b e nd i ng rod - shap e d and/or bar - shap e d 
workpi e c e s and e sp e c i a ll y p i p e s (4), incorporat i ng at l e ast on e mu l til e v el b e nd i ng too l 
(3, 53) w i th mu l t i pl e b e nd i ng le v e ls arrang e d on e abov e th e oth e r i n th e d i r e ct i on of a 
b e nding ax i s (8), wh e r e for e ach b e nd i ng lev el a b e nd i ng di e (5, 6, 7; 55, 56, 57) and at 
le ast on e s li d e ra i l (18, 19, 20) for brac i ng th e workp ie ce i n th e transv e rs e d i r e ction of 
th e workp ie c e i s/aro prov i d e d and i n wh i ch, on i ts/th ei r s i d e fac i ng away from th e 
workp ie c e in th e transvers e d i r e ct i on of th e workp ie c e , th e slid e ra i l(s) (18, 19, 20) is/ar e 
e ff e ctiv el y mounted on a s l id e ra il support ( 44 , 94), charact e r i z e d i n that th e s li d e ra il 
support (44r94) oncompassos sovora l s li d e ra i l support un i ts (33, 33a, 34, 34a, 35, 35a, 
96, 96a) that ar e posit i on e d on e abov e th e oth e r in th e dir e ction of th e b e nding ax i s (8), 
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and are dotachably conn e ct e d to on e anoth e r, said sl i d e ra il support units (33, 33a, 31, 
3 4 a, 35, 35a, 96, 96a) b e ing associat i v e ly d i str i but e d ov e r d i ff e r e nt b e nd i ng le v e ls. 
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1£L The bending system in accordance with Claim 3 wherein the clamping iaw 
sunnort units (28. 29. 30) and the slide rail support units (33. 33a. 34. 3 4a, 35. 35a. 96. 96a) 
their respective designs 



XL The bending system in accordance with Claim 10 wherein the clamping jaw 
support units (28. 29. 30) are categorized hv their linear dimension in the transverse direction 
of the bending axis (8). and the slide rail support units (33. 33a. 34. 34a. 35. 35a. 96. 96a) are 
categorized bv their linear dimension in the transverse direction of the worlcpiece 

4t Bend i ng syst e m as i n c l a i m 3, charact e riz e d in th a t for e ach of th e d i ff e r e nt b e nd i ng 
le vels at l oast ono s li d e ra il (18, 10, 20) is provided and that tho rospoctiv e sl i d e rai l 
support un i ts (33, 33a, 34, 34 a , 35, 35 a , 96, 06a) assoc i at e d w i th the sl i de ra il s (18, 10, 
20) ar e corr e sponding l y d i stributed ov e r th e d i ff e r e nt b e nd i ng le v el s. 
XL The bending system in accordance with Claim 10 wherein the clamping iaw 

support units (28. 29. 30) and slide rail sunnort units (33. 33a. 34. 34a. 35. 35a. 96. 96a) are 

structurally categorized hv their linear dimension in the directi on of the bending axis (8). 



A clamping iaw support unit for a bending system on a bending machine for 
bending rod-shaned and bar-shaped workpieces incorporating at least one multilevel bending 
tool (3. 53) with multiple hending levels arranged one above the other in the direction of a 
bending axis (8). said bending too l having at bending level a bending die (5. 6. 7: 55. 56. 57) 
and, associated with the corresponding bending die (5. 6. 7: 55. 56. 57). at least one clamping 
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iaw (8. 9. lffl movable in the transverse direction of the bending axis (R) into at least one 
operating position next to the bending die and into at least one idle position away from the 
bending die, said clamping iaw support unit (24) mounting the clamping jaw thereon and being 
movable in the transverse direction of the bending axis (8V said clamping jaw support (24) 
encompassing several clamping iaw support units (28. 29. 3Cft positioned one above the other 
in the direction of the bending axis (St and detachahlv connected to one another, and said 
clamping jaw support units (28. 29. 3(V> being distributed over different bending levels. 
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5r B e nd i ng syst e m as in claim 3 or A. charact e r i z e d i n that for 14. A slide rail support 
unit for a bending system on a bending machine for bending rod-shaped a nd bar-shaped 
worknieces incorporating at least one multilevel bending tool (3. 531 with multiple bending 
levels arranged one above the other in the direction of a bending axis (8V said bending tool 
having at each bending level a clamp i ng jaw (8, 9 f 10), assoc i at e d w i th the corr e spond i ng 
bending die (5, 6, 7; 55, 56, 57) and movableat least one slide rail (18. 19. 20) for bracing the 
workpiece in the transverse direction of the b e nd i ng ax i s (8) i nto at le ast on e op e rating posit i on 
n e xt to the b e nding di e and i nto at le ast on e id le pos i t i on away from th e b e nd i ng di e , i s 
provid e d, tha t workpiece and in which, on the side facing away from the b e nding d ie (s) (5, 6, 7; 
55, 56, 57) th e c la mping jaw(s) (8, 9, 10) i s/ar e e ff e ctiv el y mount e d i n th e tr a nsv e rs e dir e ct i on 
of tho bond i ng axis (8) on a c l amping jaw support un i t (21) that is movab le w i th tho clamp i ng 
jaw(s) (8, 9, 10) in th e tr a nsv e rs e dir e ction of th e b e nding ax i s (8), that th e c l amp i ng jaw 
support (24) encompass e s sev e ra l clamp i ng i a w workpiece in the transverse direction of the 
workniece. the slide railfsl (18. 19. 20^ is effectively mounted on a slide rail su pport (44. 94) 
which encompasses several slide rail support units ( 28. 29. 30) that ar o 33. 33a. 34. 34a. 35. 
35a. 96. 96a) positioned one above the other in the direction of the bending axis (8) and aro 
detachab l y conn e ct e d to on e anoth e r, and that the r e sp e ct i vely associat e d c l amping jaw 
support un i ts (28. 20. 30) ar e corresponding l y d i stributed ov e r th e . said slide rail support units 




4a. 35. 35a. 96. 96a) being associativelv distributed over different bending 



levels. 




connected to one another. 
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&r B e nd i ng system as in c l a i m 5, charact e r i z e d in that for each of th e d i fferent bond i ng 
le v e ls at le ast one clamping jaw (8, 9, 10) is prov i ded and that th e r e sp e ct i v el y 
as sociat e d clamp i ng jaw support units (28, 29, 30) ar e correspond i ng l y d i str i buted ovor 
th e d i ff e r e nt b e nding le v el s. 

?r Be nd i ng syst e m as in c l aim 5 or 6, ch a r a ct e r i zed i n that at le ast on e clamp i ng jaw 
su pport un i t (28, 29, 30) and at loast ono slid e ra i l support un i t (33, 33a, 31, 34a, 35, 
35 a, 96, 96a) are identica l in th ei r structura l d e s i gn. 

St B e nd i ng syst e m as in at le ast on e of th e pr e c e d i ng c l a i ms, charact e r i z e d i n th a t a t lea st 
on e c l amping jaw (8, 9, 10) of at l e ast on e b e nd i ng le v el i s adjustab l y mount e d on th e 
as sociat e d clamp i ng jaw support unit or un i ts (28, 29, 30) i n a mann e r as to p e rm i t 
bei ng r e pos i tion e d e sp e c i a l ly i n th e transv e rs e d i r e ct i on of th e b e nd i ng axis (8). 

Or B e nd i ng syst e m as in at le ast one of the pr e c e d i ng c l a i ms, charact e r i z e d i n that at l east 
on e slid e r a i l (18, 19, 20) of at lea st on e bending l e v el is a djustab l y mount e d on th e 
as sociat e d s l ide ra il support units (33, 33a, 34, 34a, 35, 35a, 96, 9 6a) i n a manner as to 
pe rmit b e ing r e pos i tion e d e sp e ci al ly i n th e transvers e d i r e ct i on of the workp i oco. 
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4Qr B e nding syst e m as i n at le ast on e of th e pr e c e ding c l aims, charact e r i z e d i n that th e 
clamp i ng jaw support un i ts (28, 29, 30) and/or th o slide ra il support un i ts (33, 33a, 34, 
34a, 35, 35a, 96, 9 6a) ar e categoriz e d by th e ir r e sp e ct i v e d e s i gns. 

44t B e nd i ng system as i n at le ast on e of th e prec e d i ng c l aims, charact e riz e d in that 

clamp i ng j a w support un i ts (28, 29, 30) ar e categor i z e d by th ei r li n e ar d i m e nsion i n th e 
transv e rse d i r e ct i on of th e b e nd i ng ax i s (8), and/or sl i d e ra il support units (33, 33a, 34, 
34a, 35, 35 a , 96, 96a) ar e cat e gorized by th e ir l inear dim e ns i on in th e tr a nsv e rs e 
d i r e ction of th e workp ie c e . 

42r B e nd i ng system as i n at least on e of th e pr e c e d i ng c l a i ms, charact e r i z e d in that 

clamp i ng jaw support units (28, 29, 30) and/or slido rai l support un i ts (33, 33a, 34, 34 a , 
35, 35a, 96, 96a) are structurally c a tegor i zed by their lin e ar d i m e nsion in th e dir e ct i on of 
th e b e nd i ng axis (8). 

43t C l amping jaw support un i t for a b e nding syst e m accord i ng to at le ast on e of th e c lai ms 
1, 2 and 5 through 12, charact e r i z e d by the f e atur e s of clamping jaw support un i ts (28, 
29, 30) specified in on e or s e v e ra l of s a id c l aims. 

44r S li d e ra il support unit for a bonding syst e m according to at l east on e of th e claims 
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3 through 12, character i z e d by th e f e atur e s of sli d e rai l support un i ts (33, 33a, 34, 34a, 
35, 35a, 96, 9 6a) sp e c i f ie d i n on e or s e v e ra l of sa i d c l a i ms. 

4Sr C l amp i ng jaw support un i t as in c l aim 13 and/or slid e ra i l support un i t as in c l a i m 14 
s e rving as part of a modu l ar support unit construct i on kit. 
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Abstract 

B e nding syst e m with mu l t i l e v el b e nding too l , as w ell as c l amp i ng jaw and sl i d e rai l support unit 
for such b e nd i ng syst e m. 
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ABSTRACT 

A bending system (1) on a bending machine for bending rod- shaped and/or bar-shaped 
workpieces and especially pipes (4), incorporates at least one multilevel bending tool (3) with 
multiple bending levels arranged one above the other in the direction of a bending axis (8). For 
each bending level a bending die (5, 6, 7) and, associated with the corresponding bending die 
(5, 6, 7), at least one clamping jaw (8, 9, 10) and/of at least one slide rail (18, 19, 20) is/are 
provided. The clamping jaws (8, 9, 10) are effectively supported by means of a modular 
clamping jaw support (24), the slide rails (18, 19, 20) by means of a modular slide rail support 
(44) 7 in the transverse direction of the bending axis (8) and in the transverse direction of the 
workpiece, respectively. Clamping jaw support units (28, 29, 30) and slide rail support units . 
(33, 33a, 34, 34a, 35, 35a) of which the clamping jaw support (24) and, respectively, the slide 
rail support (44) is composed, are appropriately configured. 

(F i gure 1) 
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